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P ET)からなる表面保護層(pmtectivelayer) ､光輝尽性蛍光体層(phosphorlayer) ､
支持体層(support base)及び磁気吸着層(ferrite layer)からなっている｡輝尽性蛍光体
の厚さはI Pの種類によって異なり50-180〃.mである｡本研究では富士写真フイルム




本実験では､ I PはBAS-UR (12.7cmX12.7cm)を使用した｡ γ線照射用のI Pは､
FAS-URを半分にカットし､周囲をヒートシールして使用した｡
放射線源はγ線源として60co (10.8nOh al1m,mNcw.1,1998コリメートビーム)を､
















































(PSL).,k/ (PSL). ,k-A ･ exp i-a ･ t ･ exp(-Ja/K))
+ B･ exp I-b･t ･exp(-Jb/K))
式(1)と式(4)の各々の項の指数部を比較すると､以下の式が導かれる｡
a-0.693/くず1/2 ･ eXp















(PSL)./ (PSL)0-Al ･既p(-.ln2 /Tl ･ t) + A2 ･ eXP(-ln2 /T2 ･ t)













































(PSL)t,k/ (PSL)0 ,k -0.487e叩ト2.18×1014 ･ t ･ e叩(ll.11×104/K)I






(PSL)I,k/ (PSD｡ ,k -0.439expト7.73× 1013 ･ t ･ exp(-1.08× 104/K)I
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M.Yoshida and F.Takahashi , Characteristics and correction of the
fading of imaging plate, J. Nucl.Sci.Tech., 34(5), 461-465, 1997
3.2　フェーディング補正関数の改良
3.2.1実験方法


















(PSL)t/ (PSL). -Al ･ eXP(-ln2 ･Jt /Tl ) + A2 ･ eXP(-ln2 ･ t /T2)




(PSL)t,k/ (PSL)0,k-A ･ e呼(-a ･ t ･ e7甲(rEJ(R ･ K))I
+ B･e呼トb･t･e甲(-Eb/(R･K)))
+ C･expトC･t･e甲(-EJ(R･K))I


















と､ 2380とBAS-URの組み合わせ(図中○で示す｡ )ではC≒1であるが､ 244cmと









の交点を読取り､成分比A～Dを求めた｡ 4成分の全体に対しての比率は､ A, 0.582;B,
0.3ケ8; C.0.038; D, 0.02であった｡
このようにして､式(ll)は､ BAS-URについて､次のように表わすことができた｡
(PSL)t,k/ (PSL)0 ,k-0.582expト6.93× loll ･ t ･ exp(-8.ll × 103/K)I
+0.378expト2.95×1010 ･ t ･ exp(-8.71×103/K)I
+0.038expト1.59×1011 ･ t ･ exp(-9.85×103/K)I




exp(-Ea/(R･K))I )を加え､ 5成分モデルとして表わすことができる｡図8 (B)で示すよ
うに､ユニヴァ-サル曲線において各成分の傾きを外挿してY軸との交点を読取った｡ 5成
分の全体に対しての比率は､ A-, 0.461;A, 0.277;B, 0.230;C, 0.0380; D,0.002であった｡
従って､式(ll)は次のように表わすことができる｡
(PSL)t,k/ (PSL)0 ,k-0.461exp. (-2.19× 108 ･ t ･ exp(-6.14× 103/K))
+0.277expト1.60×1013 ･ t ･ exp(-1.02×104/K))
+0.230expト7.98×1012 ･ t ･ exp(-1.05×104/K))
+0.030expト1.99×1012 ･ t ･ exp(-1.05×104/K)I
+0.002exp t-4.96× 1010 ･ t ･ exp(-1.05× 104/K)I　(14)
式(13)及び式(14)から計算したR証一億と実験値との比較をそれぞれ行い､その結果を図9


























PSL,.sidt心- PSLmeaS. -　PSLcalc. (15)
ここで､ PSL.esj｡udBは残差を､ PSLm..は実験値を､ PSLcdc.は関数からの計算値をそれぞれ
表わす｡図11に仏)BAS-UR､ (B)BAS-TRそれぞれについて､各温度の全ての実験値につ
いての個々の残差,PSL,esi.udsを残差の標準偏差, oで割って得た値をプロットしたものを示
す｡残差の標準偏差, Uの値は以下に示すとおりである｡ BAS-URでは､ 0℃ ; 1.13×104､
10℃ ; 1.11×104､ 20℃ ; 5.58×103､ 30℃ ; 5.00×103､ 40℃ ;4.54×103､ 50℃ ; 3.20
×103､ 60℃ ; 8.17×100 (単位:PSL)であり､ BAS-TRでは､ 0℃ ; 1.20×104､ 10℃ ;
























































[2] M.Thoms ,H. von Seggern and A.Winnacker , Spatial correlation
and photostimulability of defect centers in the x-ray-storage
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3.3　フェーディング補正関数における放射線種及びエネルギー依存性についての検討
3.3.1実験方法
本実験では､ 3種類のI P､ BAS-TR BAS-UR及びBAS-MSを用いたα線源として､






γ線源としては､ 60co及び137csの点線源(0.514及び0.280 mGy/hourat 1 mom
Jam. 162001)を用いた｡放出γ線のエネルギーは60coが1.173及び1.333MeV ､ 137cs
が0.662MeVである｡照射時間はいずれの線源についても15分間とした｡
照射は±1℃に温度コントロールしたインキュベーター内でI Pをアルミカセッテの中
に入れてα及びβ線源については直接I Pに密着させて行い､ i Pはそのまま読取りまで
インキュベーター内に放置した｡ γ線照射は線源から0.5mないし1.5mの距離でI Pをア
ルミカセッテの中に入れて行い､ I Pは読取りまでインキュベーター内に放置した｡フエー
デイングは､ 10,30,及び50℃の温度について照射直後～約100時間まで測定した｡ I P
の読取りは､ BAS-TRとBAS-URは富士写真フイルム(秩)社製の画像読取り装置








における差は認められない｡他の種類のI P､ BAS-UR､ BAS-MSにおいても同じ結果が
得られた｡即ち､本実験で用いたいずれの種類のI Pを用いても､ β線､ γ線それぞれ同
一線種においてのエネルギー依存性はないことが明らかになった｡








る｡比率の大きい順番に並べると､ BAS-TR, BAS-UR, BAS-MSとなっている｡この差は､






(PSL)t,k/ (PSL)0 ,k-0.177expト2.19× 108 ･ t ･ exp(46.14× 103/K)I
+0.426expト1.60×1013 ･ t ･ exp(-1.02×104/K)I
+0.355expト7.98×1012 ･ t ･ exp(-1.05×104/K)I





(PSL)t,k/(PSL)0.汰-0･521exp卜6･93× 1011 ･ t ･ exp(-8･11 × 103/K))
+0.433exp (-2.95XIOIO ･ t I exp(-8.71XIO3/K)I
+0.043exp I-i.59XIOll ･ t ･ exp(-9.85X103/K)I
+0.003exp (-6.75×109 ･ t ･ exp(-9.97×103/K))(17)
BAS-MSを用いて244cm線源またはβ ､ γ線源で照射後のフェーディング補正関数は､
式(18)と式(19)で表わすことができる｡




















exp(-8.92 X 103/K) I
exp(-8.69 X 103/K) i
exp(-9.31 X 103/K)I
exp(-9.54 X 103/K) I
exp(-9.53 × 103/K) I
exp(-8.92 X 103/K) i
exp(-8.69 × 103/K) I
exp(19.31 X 103/K) I
exp(-9.54 × 103/K) I






























































































BAS-TRでは各成分の活性化エネルギーは0.53, 0.88, 0.90, 0.90, 0.90 eVであり､











































(PSL) std.bTadl..A　- (PSL) A　-　(PSL) std.bTadl.(20)
(PSD std加a｡1..A : 137csでの基準照射+1カ月間の線量,Aに対応するPSL密度




























































































































































0℃ Gal.　　　EZ o℃ meas.
1 0℃ cal.　　　●　　10℃ meas.
------　20℃cal.　　　●　　20℃meas.
----一･ 30℃ Gal.　　　◆　　30℃ meas.
-I-･-･-　40℃ cal.　　ト　　40℃ rTieas.
･---I--･･ so℃ cal.　　　◎　　50℃ meas.
･､‥㌔-i-:T---一一------------___ニ~~--- 



















･･-･-･◆,･･･････ 244cm alpha-ray source
using BAS･TR



















































0℃ cat.　　　　O o℃ rTleaS.




































































Ea.(eV) ? ?0.53 
Ea(eV) ? ?縱?0.88 
Eb(eV) ?纉b?.93 ?縱R?.90 
Ec(eV) ?纉b?.93 ?繝R?.90 





































































･･･--※････････ 1 37cS 30℃
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Number of measurlng POints
(a) 2001年11月　アニーリング温度: 70℃
1　2　　3　　4　　5　　6　　7　　8




Number of measurJng POints
(C) 2002年1月　アニーリング温度:60℃
1　2　　3　　4　　5　　6　　7　　8




















measurement 0. 5036　　　0.50 1 7　　　　　0. 50 1 7
Annealing temperature　7 0℃　　　　80℃　　　　　　　60℃
see.nd O･ 7600　　　0. 7944　　　　0. 7454
measurement O･ 7588　　　0. 7863　　　　0. 7396
Third 0 ･ 6002　　　0. 6480.5707
measurement 0 ･ 6053　　　0. 6462　　　　0. 5 762
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1. mODtJmON
Theinuging plates (IPs) , made of BaFBr:Eu2'phosphor, are weuknown as
excellent imagLng detcctorsinthe fields of medicine (1), biologyand physics(2･3)･
However, the utilization of IPs for anintegraltype detector, such as the monitoring of
radiation during a certain period, is just beginning. This is because,for this purpose,the
IP has a defect of having a larBP払d血g th如resultsina serious hindrance of quantitative
measurements(4)･ A novel method is therefore needed to accurately measure the鮎ing
chuacteristics to compare the photo-stimulated luminescence伊SL) measured at
di飽rent elapsed timesand at di飽rent temperatures.
The血dingcurve is expressed asinthefonowing equation, which is the sumof
a few exponentially-dewymg components, Called the flrSt, the second,and the thirdin
order of half-life:
(PSL)-/(PSL)o=A. ･ e坪(-h2 ･ I/Tl)+ A2 ･ eXP(-h2 ･ t/T2)
+A3 ･e甲(-h2 ･t/T3) (I)
where (PSL)t　and (PSL)o m弧I the PSL at elapsed tlme t and 0 alter
irradiation, respectively, Al tO A, are the component amphtudes, and Tl tO T, are the
half-lives of each component. Althoughseveral reports(5-7) on the measurements of the
払ding characteristics, expressing the鮎ing curve asinthe equation above, have been
published, they gave quite difrTerent values of component amplitudes ,and the half-lives
of each component.
Inthis study, our objective is to investigatethe temperature dependence of the
fding characteristicsand detem血e a newuniversal formulafor correcting the血ding by
irrdiatingthe IPwith 238Ualpha-ray,244cm alpha-ray,and 60co gamma-ray sources.
2. METにODS
ARer the血st component fades out,the払ding equation should be written as
(PSL)I/(PSL)o =A ･ exp(一入a･ t) + B ･ e甲(一入b ･ t)　　　　(2)
where A-h2nI,:and Tl/2 is the half-life･
Because of the strong temperature dependence of the fding (8), we considered
the血ding to be a kind of thennal reaction, and the change of the reaction ratewith
temperature canbe expressed by Arrhenius･ equationP)･ This is defined by the
following relationship:
dh入/dK-E/佃脅　　　　　　　　　　　　　　　　(3)
where入is the rate const肌t, E the activation energy, R the伊S COnStant, and
K the absolute temperature.
htegratingthis equation, we obtain
A-C ･exp I-E/ago) -C ･exp hJ瓜)(4)
where C is a constant of integration and J =E収.
By applyingthis equation,the鮎ing canbe expressed asanequationthat has
two variables: elapsed time(I)and absolute temperature(K).
Substituting Eq.(4)for Eq.(2)gives
PSL).,k/(PSL)0,k-A ･ exp卜a ･ t ･ exp(-JarK)I
+ B ･expトb ･t ･ exp(-Jb/K))
Comparingthe expone,ntialterms of Eqs･ (2)and (5) , we obtain
a-0.693/ tTa../2 ･ eXp(-JJK)I
b-0.693日T.. ,′2 ･ eXp(-∫.瓜)I
盟
AsS血gthat both Aand BinEq.(5) ariindq)endent of temperature, that
is, the ratio of the second to the third component does not depend on temperature,
砲lues Ja, Jb, a,and b canbe obtained丘omthe half-lives of two different姐g curves.
3. EXPERIMENTAL
The IPs used are the commercially available IP (Fuji FilmCo.) BAS-UR md
BAS-MS. The half size IPsfor四mma imdiation were prepared by cutting a sheet of
BAS-UR and sealingthe edgeswith a heat-sealer.
A 238Uand a 244cm planchet sources (Speci丘c radioactivity of I 0.8Bq/cm2 and
1,638.5Bq/cm2 each) Were used asalpha-ray sourcesand a 60co point source
(10.8mGynl at lm, on Nov.1,1998) was used as a gamma-ray source.
During imdiationandthe time elapsed prior to reading, the IP was keptinan
aluminiumIP cassetteinsideanincubator havinga temperature controlled to± 1 ℃. The
別ing chuacteristics were m飽Sured at temperatures varied by loo° between 0 l 60 ℃.
The IP was irradiated with the 238U alpha-ray source for 30 or 60mhutes and the 244cm
alpha-ray source for 15minutes, respectively, by putting the source directly on the IP.
A half-size IP was irradiatedwith the 60co gm-ray source ( 1 - 2m丘om the IP)for
30 minutes.
The IP was read by the BAS-1000 ima野reader (Fuji Film Co.)followed by
an imaP analysis with the MacBAS (vcr.2.5). The BAS-loo° has a pixel size of 100 FL
m and about 3.5 minutes is required to read one JnVq;e.
The latent imageinduced by naturalradiation acctmulatedwith time. At
each temperature, therefore, a background IPfor naturalradiation without irradiation
was preparedand leRinsidethe incubator together withthe irradiated IPs. The net PSL
densities (PSL/mm2) of these Ips were obtained by subtracting the PSL densities of the
background IP &omthe irradiated IPs.
4. RESULTS
4･ I Fading characteristics
Severa伯ding curves w'ere obtainedinthe temperature rangp of 0 - 60oCfor
238Ualpha raysand 0 - 50｡c for 60co伊mma rays using BASIUR･ Fig･l shows the
dependence on temperature of the fading of the latent ima野aAer血adiation with 238U
source･ In Fig･1 , the fading effect becomes stronger as the temperatureincreases･
Fading curves aRer irradiation with　60co gma rays show the same temperature
dependence as 238Ualpha rays･ These results led us to the co'nclusion that the fding












Fig･ 1 Temperatu･e dependence of the fading effect of the latent image after
imdiation witha 238U alpha-ray source
41 Th00oTdcal anabsis
To gpt the values of the half-lives of the fading cuⅣes at each temperature, we
analyzed the払ding curvesinFig･l as showninFig･2･
1･ The fadingcurve at 40℃. which typically showed the secondand third componen-
ts･ was chosen as the reference curve･ Several values at the elapsed time, eH ･･･ , en ,
were selected as the refTel･ence point.
2･ Each elapsed time, d H ･･･ , d n , at which the samePSL is gLVen Onthe different
fading curve as on the reference curve was determined (inFi82, the払ding curve at
50℃ is shownasane淵mPle).
3･Theratios ofeto d, r.=e./d I , ･･･ , rn=eb/d n , were obtained.
4･The value ofr was fhauy detemined by taking the average of the values of m･
~一口.一････ the fadhg Curve at so℃
壬　　the fading curve at 40℃
0　　　20　　　40　　　60　　　80
elapsed time,t (hours)
Fig･ 2 Method of data analysis to get the values ofhalf-livesfor each fading curve
By multiplying the elapsed time by the values of r, wc cannormalize the
PSLs of the different免dingcurves to those of the refTerence cuⅣe at 40℃ , to obtaina
miversalfhding curve.
FiBS･ 3 shows themiversal fding curve we obtained of the latent軸Sfor
238U alpha rays･ It is cleamhatal1 the鮎ing curves conver野On a Sindemiversal curve.










Fig･ 3 Umiversa旭ding cuⅣe of the latent image for 231U alpha rays
All the fading curves converge on a singlemiversalCurve
This result means that the ratio of
the second component to the third onein
Eq･(2) isallnOStindependent of/temperature,
which satisfies our previous assumption that
A and B　in　Eq.(2)are　independent of
temperature. It also means that the half-lives
ofthe払ding curves at each temperature canbe
obtained by multiplying the half-lives at 40oC
by-the r values.
The correlation between the r values
and the temperatWe, for eeLCh excitation with
the 238U and 60co sources is showninFig･4･
The r values for botll SOurCeSare ahnost the
same･ The logwithmic values ofr show a singe




Fig.4　Correlation between the l･
valuesand the temperature
(oC)for each excitation with
the 238U and 60Co soul･CeS
43 mInCdonal analysis
Using the four values of the half-lives for the 238Ualpha-ray source, the
values ofJA, Jb, a, and binEqs.(6)and (7) wel･e Calculated. To obtainthe value of Bin
Eq･(5), the point of intersection of the ex(rapolated line of the third component of the
universal血ding curveinFig.3 was read and a value ofO.5 13 was thus obtained.
Eq.(5) could be written as
CSt)I,k/CSU｡,k -0.487exp I-2.18× 1014 ･ t ･ exp(-1.ll × 104AOI
+0.513exp h3.18×1013 ･ t ･ exp(-1.ll ×104/K)I　(8)
similBu.ly, for the 60co gamma-ray source, Eq.(5) could also be writtel. aS
CSL)t.k/ OSU.,k -0･439exp t-7.73× 1013 ･ t ･ exp上l.08× 104/A)i
十0.561exp f増.99×1012 ･ t ･印し1.08×104AO)  (9)
The PSL calculated nrom Eq･(8) is compal･ed with the experimentzll resultsin
Fig･5･ - It shows quite good agreementinthe temperature r弧ge Of0 - 40｡c between the
calculated PSLand the e叩erlmentalresults, however, the former values are below the
latter over 40℃･ The same disagreement is shown in the compmiOn of the PSLfor 60co

















Fig･ 5 Comparison of the PSL of fading curves for 23SUalpha rays calculated
tiom Eq･(8)and the experimental results
This resultsindicates the existence of another component behind the third
one, called the forth component･ Because of theinadequate radioactivity of the 238U and
60co sources, sipiflCant PSL foranalysis of the forth component could not be obtained
over 40℃ at long elapsed time.
To clarifythis point, several鮎ing curvesare obtainedinthe temperature
ran夢Of 0 - 60oC using a 244cmalpha-ray planchet source having more than 100 thes
higher specificladioactivity than a 238U sourcc･ The fading curve at 60 ｡c at long
elapsed time clearly shows the existence oftheforth component･ On the other hand,the
first component is remarkably observed at very short elapsed time at o･Cand Io℃.
By the sameanalyticalmethod, bywi1ich Eqs.(i)and (9) are determined, We
develop afollowingformula consists of four terms for 244cm alpha-ray source.
晒Dt,k/CStj.,k-0.582exp t巧.93× 1011 ･ t ･ exp(-8.ll × 103AOJ
+0.378exp ∫-5.59× 1010 ･ t ･ exp(-8.93× 103/吋I
｣や.038expト1.59× 1011 ･ t ･ expト9.85× 103/K)I
+0.002ew f巧.75× 109 ･ t ･ expト9.97× 103偶I　(10)
The PSL calculated from Eq･(10) is compared with the experimentalresultsin
Fig･6･ Theyareinquite good agreementinthe temperature range of0 - 60℃. It is clear
that there is no disagreement over 40℃ which is showninFig.5. This result means that















Fig･ 6 Comparison of the PSL of thding curves for 244cm alpha l･ays calculated
from Eq･(1 0) andthe experimental results
4･4 CoryWPOndenα to the tcmperl血re change
To ascertainwhether our formula can由ve the proper calculated PSL which
corresponds to the temperature change between the time elapsed, afollowlng experiment
was done･ After irradiation with the 244cm source, the IP was leRinside the incubator
kept at 30oC during a certainperiod , then it was movedintoanotherincubator kept at
50℃.
Fig･7 shows the comparison of the calculated PSL fTrom Eq.(10)and the
e甲erimentalresults when the temperature has changed approximately 100 hours a洗er
iITadiation･ In contrast to this, the fading curves at 30 oC and 50 ℃　Without the
temperature change are also showninFig･7･ The calculated PSL shows a good













Fig. 7　Comparison of the PSL calculated from Eq.(10) and the
experimental results whenthe temperature has changed Bom
30oC to 50ccfor approximately lOOhrs after irradiation
4.5 Fomtlhfor a diWerent kind ofⅡl
Althoughit is wellknown that the fading characteristics depends on the type
of IP, ourinvestig?lion suggpsts that a different kind ofIP such as BAS-MS, which is a
highly sensitiveand waterproof IP, shows the same temperature dependence as
BAS-UR. Then, by the same analyticalmethod mentionedin4.land 4.3, a followmg
formula for 23 8U alpha raysusing BAS-MS, is detemined･
CSUt,k/CSuo.k-0･355exp I-7･74× 1012 ･ t ･ exp(3･21 × 103瓜1
ヰ0.210exp I巧.08×1013 ･ t ･ exp(-1.12×104乃0 I
+0.435exp I-400×1014 ･ t ･ ewト1.24×104/K)l　(ll)
The comparison of the PSL calculated from Eq.(1 1) and the experimental
results shows good agreementinthe temperature range of0 - 50℃, however, the former
values are below the lattel･ at 60℃.This disagreement is considered to come kom the
lack of the fo血term in Eq.(1 1) to correct the forth component.
5. DISCUSSION
W姐e severalattempts to explain the mechanism of fading have been
done'10･ll)I it stiu rem血Sunclea,･ The鮎ing of the PSL density of the IPmight be
induced bythermalexcitation of elec廿ons丘omthe F centers to the conduction band.
The activation energiFS Of the secondand third component,Eband Ec,are
obtained from Eqs･(6)and (7)･ Sindarly, the activation enerdes of the flrStand forth
one, EB and Ed, are Obtained･ These values for 238Ualpha-ray,244cmalpha-ray,and 60co
gm-ray sources are listedinTable l･ It seems that there i.ら no quite a di飴rence of
Ea, Eb, E.,and EJamOng these three sources or between a kind of IP. However, it is
clearly shown that the activation energy becomes higher as the component proceds.
This resultindicates that fading occtLrSinorder of the component which has the lower
activation energy.
Table I Activation energies Ofthe first, second , third,and forth component;
Ea, Eb, E.,and Ed, Obtained舟om Eqs.(6)and (7)
238U 田??244cm ?238U 
KindofIP ??ﾕU"?AS-UR ??ﾕU"???ﾔﾕ2?
E.(eV) ? ?縱? ?縱?
Eb(eV) ?纉b?.93 ?縱r?.96 
E¢(eV) ?纉b?.93 ?磴R?.07 
Ed(eV) ? ?繝b?
6. CONCLUSION
A鮎r irradiation with 238U alpha rays, 244cmalpha rays,and 60co gm
rays,払ding characteristics were measured　under controlled temperature conditions
between 0 - 60 ℃for corrunercialJy available imaging plates (BAS-URand BAS-MS).
By applying Arrhenius- equation to the e呼erin1entalresults, we were able to develop a
new血ICtionalequationfor eeLCh sotuce thatincludes two variables: elapsed time(I)弧d
absolute temperature(K).
The PSL calculated &om the equation for 244cmalpha rays, which consists of
four terms, agreed very well with the experimentalValues between 0 - 60oC. This result
indicates that the fading curve consists offour components. This formulaalso gave the
proper calculated PSL which corresponded to the temperature change between the
elapsed time.
These equations enable correction of the PSL measured at different elapsed
timesand at different temperatures,and it cam be used for long･term血ding correctionin
application of IPs asintegraltype detectors.
From the equation for 244cmalpha-ray source, the activation energies Ofthe
rlrSt, Second, third,and forth component of the血ding curve ape estimated to be about
O･70, 0･77, 0･85,and 0.86eV, respectively. The activation energy becomes higher as the
component proceeds･ This resultindicates that fading occurs in order of the component
which has the lower activation energyand provides a possible clue tounderstanding the
concern ofthermal excitation in the mechanism of fading.
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